The essential oil from aerial parts (stems and leaves) of Atriplex undulata (Moq) D. Dietr. (Chenopodiaceae) has been studied for its in vitro antioxidant activity. The chemical composition of the oil obtained by hydrodistillation was determined by GC and GC-MS. The major constituents were p-acetanisole (28.1%), β-damascenone (9.3%), β-ionone (5.1%), viridiflorene (4.7%) and 3-oxo-α-ionol (2.2%). The antioxidant activity of the oil was determined by two methods: Crocin bleaching inhibition (Krel= 0.72 ± 0.15) and scavenging of the DPPH radical (IC 50 = 36.2 ± 1.6 μg/mL). The presence of active compounds like p-acetanisole, carvone, vanillin, 4-vinylguaiacol, guaiacol, terpinen-4-ol and α-terpineol could explain the antioxidant activity observed for this oil.
Since oxygen reactive species, in particular free radicals, are involved in a variety of pathological conditions, such as cancer, cardiovascular disease, arteriosclerosis and neurodegenerative diseases, the study of new sources of natural antioxidants has received increasing attention in the last decades. Essential oils, which are complex mixtures of natural compounds, are a rich source of bioactive metabolites, in many cases with strong antioxidant capacity [4a-4g] . In the present work we are reporting the antioxidant activity of the essential oil of A. undulata being evaluated by two complementary test systems: as free radical scavenging activity by the reduction of the stable free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) [5] , and by the Crocin bleaching inhibition method [6] . This is the first report of the chemical composition and biological activity of the essential oil from A. undulata.
The essential oil, obtained from fresh plant material, was analyzed by gas chromatography and mass spectrometry, leading to the identification of 34 components, which are listed in Table 1 . The identification of each volatile compound was achieved by comparing its retention index with those cited in the literature, its mass spectrum with those of the database, and its retention time with authentic samples, when available.
The major components were p-acetanisole (28.1%), β-damascenone (9.3%), β-ionone (5.1%), viridiflorene (4.7%) and 3-oxo-α-ionol (2.2%). According to their functional groups, the most abundant types were ketones (53.3%), alcohols (21.6%) and hydrocarbons (10.2%). Aldehydes and other compounds, including sulfur and nitrogen containing compounds, were found in very low percentages. The essential oil possesses a high percentage of volatile phenols and other benzene derivatives (43.7%), followed by norisoprenoids (23.6%), sesquiterpene hydrocarbons (10.2%), oxygenated sesquiterpenes (7.8%) and oxygenated monoterpenes (6.6%). Like other low-molecular weight phenolic compounds, p-acetanisole has antioxidant and antimicrobial activities and can be used as a food preservative [9] . p-Acetanisole is also used as an intermediate for pharmaceuticals, flavorings agents, agrochemicals and other organic compounds [10] .
The ''crocin bleaching assay" (CBA) has been applied for the evaluation of the antioxidant capacity of individual compounds, plant extracts, and plasma [11a-11d] . This method is interesting because it can be used in both lipophilic and hydrophilic environments [12] , and is based on the bleaching of crocin as a result of its oxidation by a source of radicals, AAPH [2,2΄azo-bis(2-aminopropane) dihydrochloride]. In the present work, peroxyl radical scavenging was evaluated according to the protocol of Tubaro et al. [6] . The bleaching rate of crocin in the presence of the sample was monitored at 40ºC, by means of an UV-VIS spectrophotometer equipped with a thermostable cell block. The reaction was started by the addition of increasing amounts of sample (10-100 μM) to 1 mL of crocin aqueous solution. The bleaching rate of crocin by peroxyl radicals in the absence (V 0 ) and presence (V a ) of antioxidants was recorded for 10 min. Trolox was used as reference compound under the same experimental conditions. The interaction of peroxyl radical with A. undulata essential oil and its ability to scavenge peroxyl radical were further analyzed by the competition kinetics of crocin bleaching. These studies demonstrated that the essential oil of A. undulata possesses a moderate peroxyl radical scavenger activity with a relative constant (TEV Krel ) of 0.72 ± 0.15.
The antioxidant activity of the essential oil was also evaluated through its ability as free radical scavenger against DPPH. The preliminary test was performed using a rapid TLC screening method in order to detect the antioxidant activity. Then, a spectrophotometric assay was carried out at different concentrations of the essential oil and the percentage of DPPH reduction was calculated taking into account the absorbance of the blank solutions and the negative control. Trolox was used as reference compound under the same experimental conditions. Essential oil from A. undulata elicited a marked radical scavenger activity (IC 50 = 34.8 ± 0.08 μg/mL), with an antioxidant capacity comparable to that of Trolox (IC 50 = 22.9 ± 1.0 μg/mL).
The results obtained in both the DPPH and Crocin assays demonstrate that the essential oil of this plant has marked antioxidant activity that could be explained by the presence of components like p-acetanisole (28.4%) [13a,13b] and β-ionone (5.1%) [14] . The presence of other antioxidant compounds, even though at low concentrations, like terpinen-4-ol (1.2%), α-terpineol (1.5%), 4-vinylguaiacol (1.2%), guaiacol (1.1%) and the potent antioxidant carvone (1.9%), may also contribute to the radical scavenging activity of this oil [15] [16] [17] [18] .
Experimental
General: Gas chromatography-mass spectrometry analyses were performed with a Hewlett-Packard 6890 chromatograph connected to a Hewlett-Packard 5972A mass spectrometer equipped with a capillary column Essential oil: Essential oil was obtained by hydrodistillation in a Clevenger type apparatus (3-4 h). The chemical composition of the oil was determined by GC and GC-MS. The compounds were identified by comparison of their retention indices (Kovats Indices) with those of known compounds [19] and also by comparison of their MS with those stored in the MS database (NBS75K.L MS DATA). Relative percentage amounts were obtained directly from GC peak areas. Results are summarized in Table 1 Crocin bleaching inhibition assay: The concentration of crocin to 10 μM was based on an extinction coefficient reported in the literature (ε MeOH ) = 1.33 × 10 5 M -1 cm -1 ). In brief, the reaction mixture contained 10 μM crocin and increasing amounts of samples (from 10 to 100 μM). The reaction was started by the addition of 10 mM AAPH to the reaction mixture preequilibrated at 40°C. The bleaching rate of crocin (V 0 ), that is, the rate of its reaction with peroxyl radicals, was calculated by measuring the decrease of its absorption at 443 nm in the first 10 min of reaction, using a spectrophotometer equipped with a thermostable cell block, against a blank. In the presence of various concentrations of essential oil, the corresponding bleaching rates were termed V a . Each kinetic analysis was compared with a kinetic crocin bleaching. DPPH assay: Analytical TLC on silica gel plates were developed under appropriate conditions after application of 5 μL of oil solution (5 mg/mL, ethyl ether), dried and sprayed with DPPH solution (0.2%, MeOH). Five mins later, active compounds appeared as yellow spots against a purple background. BHT (1 mg/mL) was used as positive control. The spectrophotometric assay was carried out at 6 different concentrations of the essential oils, ranging from 10 to 100 μg/mL, prepared in MeOH: CH 2 Cl 2 (95:5). A sample of 300 μL was mixed with 2.5 mL of 0.004% DPPH methanolic solution. The absorbance was measured at 517 nm after 30 min of incubation. The percentage of reduction was calculated taking into account the absorbance of the blank solutions (2.5 mL MeOH plus 300 μL oil solution) and the negative control (2.5 mL DPPH solution plus 300 μL of MeOH:CH 2 Cl 2 95:5). Trolox was used as the reference compound using the same experimental conditions. Each assay was run in triplicate. IC 50 values were determined with probit analysis (EPA Probit 1.4)
